Abstract-Recently, the wireless sensor network has been widely deployed for medical care purpose. We have developed a wireless sensor network that can monitor the patients' pulse status for triage purpose, so that a medical team can monitor remotely the health condition of patient and they can treat the patient based on severity of patients' health condition. We developed an electronic triage operating as a sensor node (SN) tagged in patient's arm. The SN consists of micro controller ATmega328P, ZigBee and pulse sensor to detect patient's pulse.
INTRODUCTION
Application of wireless sensor network technology for medical purpose has been widely deployed especially in medical emergency response. In emergency situation, medical team usually applies a START [1] triage protocol to determine the priority of patients' treatments based on the severity of their condition. The START protocol triage the patient based on 3 (three) fa ctors, i.e., respiration, pulse and mental status. According to the condition of these fa ctors, patient will be classified into 4 (four) priorities of patients' treatment, i.e., immediate, urgent, delayed and deceased. In this study, we have developed an electronic triage to detect the pulse rate of a patient. This electronic triage is tagged in patient arm and plays as a sensor node (SN) attached in ZigBee-based wireless sensor network. Since our electronic triage can only detect the pulse status of the patient, therefore, this paper is fo cused on the triage of patients based on their pulse status only. In the near future, we will add a respiration sensor in our electronic triage to fulfill the requirement of START triage protocol. Furthermore, our electronic triage should be used after medical team has sort the patients or victims based on fo ur priority categories (primary triage) and then tagged to the patient categorized as delayed and urgent, i.e., the patient that need a continuous monitoring and support from medical team. Therefore, our electronic triage is suitable for secondary and tertiary triage and can be deployed in emergency room, triage room, pre/post-op surgery in hospital and in disaster area.
This study intends to evaluate the performance of our ZigBee-based wireless sensor network for monitoring the pulse status of patients so that medical team can monitor continuously the patients' health condition of patient and they can treat the patient based on severity of his/her condition. This paper examines the performance of wireless sensor network in terms of the effective distance for delivering patients' pulses from electronic triage operating as an SN to the coordinator node (CN) as well as the effective number of SN that can accommodated by single CN.
978-1-4799-0425-9/13/$31.00 ©2013 IEEE II. RELATED WORKS Many researchers have been proposed a network architecture for remote health monitoring using wireless sensor network (WSN). Reference [2] proposed a three layer architecture: Body Sensor Layer, Personal Network Layer and Global Network Layer. Reference [3] discussed the implementation issues and described the overall system architecture for a bluetooth sensor network for patient monitoring and corresponding heart activity sensors. Reference [4] proposed a new low-cost, low-power wireless sensor platform implemented using the IEEE 802. 15.4 wireless standard, and describe the design of compact wearable sensors for long-term measurement of electrodermal activity, temperature, motor activity and blood volume pulse. Reference [5] proposed a wireless infrastructure for emergency medical care system using low power, wireless vital sign sensors, PDAs, and PC-class systems (Code Blue project). However, all proposed system described the overall system and there is no detail description about the performance evaluation of wireless sensor network. In this study, we developed an electronic triage operating as an SN to detect patients' pulse rate and we evaluated network performance between SN and CN in delivering pulse rate.
III. SYSTEM DEVELOPMENT
We developed an electronic triage that can monitor patients' pulse status remotely through ZigBee-based wireless sensor network. The system consists of a number of SNs, a CN collecting the pulse rate from SNs through ZigBee wireless interface, and a web interface for displaying the graph of patients' pulse rate. Our electronic triage, which is basically an SN, consists of pulse sensor [6], microcontroller Atmega 328P and ZigBee wireless interface as shown in figure 1. The electronic triage is placed in patients' wrist (see Figure 2 ) and the pulse sensor bind the patients' finger to detect the patients' pulse. The micro controller reads the patients' pulse from pulse sensor, then classifies into 3 (three) categories of severity levels, i.e., major, minor, and normal status. The patients' pulse status is displayed in unit of beat per minute (BPM) on 16x2 LCD. Three LED colors indicate the severity level of patient's status (major: red, minor: yellow and normal: green). If pulse status is between 60-100 BPM, then green LED indicator will turn ON indicating that patient is in good health condition and classified as in the normal status. If the pulse status is between 44 and 60 BPM or between 100 and 116 BPM, then yellow LED indicator will turn ON to indicate that the patient is in close to critical health condition and classified as in the minor status. Otherwise, red LED indicators will turn ON to indicate that the patient in a critical health condition and classified as in the major status. The pseudo-code I shows the algorithm to classify the patients' severity level embedded in microcontroller.
After classifying the patients' pulse status, the electronic triage will send the pulse status to CN through the ZigBee wireless interface. We use XBee Series 2 [7] wireless interface (ZigBee-based protocol) operating in 2.4 GHz frequency band. The XBee series 2 supports point-to-point, point-to multipoint, and mesh communication .It is specified to handle a data transmission rate up to 250 Kbps using 2 m W transmit power that can achieve a distance range up to 120 meters. The CN sends the information of patients' pulse status to web server. The information is displayed in web interface for allowing medical team to monitor and assess the patients' condition remotely from anywhere using internet browser. We can restrict the access to the web interface by allowing only the medical team to view this web page. Figure 3 shows the our overall developed system 
IV. PERFORMANCE EV ALUA TlON
We conducted experiments to evaluate the performance of our ZigBee-based wireless sensor network. In this study, we only evaluate point-to-point and multipoint communication modes. There are two scenarios in these experiments. First scenario aims to determine the effective distance between the CN and the SN to deliver pulse rate data with no or less packet loss. Second scenario aims to determine the maximum number of SNs that can be accommodated by a single CN. We use packet loss rate in unit of percentage as our performance indicator. The packet loss rate is calculated as the number of packet received by the CN devided by the number of packet transmitted by SN. The wireless sensor network performance is better if less packet loss rate occurs in CN. In the first scenario, we located a SN starting from 10 to 120 meters (increasing by ten meters) away in the free space to find the effective distance between the CN and the SN. In this experiment, SN sends the 7 bytes of data (pulse rate) every 10 seconds to CN in point-to-point communication mode. We assumed that the tolerated packet loss should be less than 5% packet loss. The experiment result in figure 5 shows that the packet loss increases as the distance between the CN and the SN is increasing. From figure 5 , we can see that packet loss reaches more than 5% at distance of 30 meters. Therefore, we can conclude that the effective distance between the CN and the SN to deliver the pulse rate data is less than 30 meters. In the second scenario, we located an SN closed to the CN (2 meters) and let the SN send the pulse rate data to CN. We then increased the number of SN up to 5 nodes while they are sending the data to CN as shown in figure 4 (point-to-multipoint communication mode). From fi gure 6, we can see that the packet loss occurs after the number of SN reaches 4 (four) nodes. Therefore, we can conclude that the maximum number of SNs that can be accommodated by single CN is 3 (three) nodes.
V. CONCLUSION AND FUTURE DIRECTION
We developed a ZigBee-based wireless sensor network that can monitor patients' pulse status remotely. This paper presents the system development and performance evaluation of our ZigBee based wireless sensor network for monitoring patients' pulse rate. We conducted experiments to determine the effective distance between the CN and the SN that can deliver patients' pulse rate through ZigBee interface. We also evaluated the maximum number of SNs that can be accommodated by a single CN. Experimental results have shown that effective distance between the CN and the SN to deliver the patients' pulse rate is less than 30 meters and the maximum number of SNs that can be accommodated by a single CN is 3 (three) nodes. Since most data sent by SNs are classified as normal status, meaning that most patients are in good condition, we can reduce the number of pulse rate data by allowing SN s to send only pulse rate data that classified into major and minor status, i.e., when patients' pulse status are in critical and closed to critical condition. By reducing the number of the pulse rate data, the CN can accommodate more SNs.
In the near future, we will evaluate the performance of our ZigBee-based wireless sensor network In mesh communication mode. In mesh communication, every SN plays a role as router node, so, it can pass the information to another SN to reach the CN. Hence, an SN can be located even if it is out of the effective distance range fr om the CN.
